The impact of ground-level ozone (O 3 ) on vegetation is largely under-investigated at global 11 scale despite worldwide large areas are exposed to high surface O 3 levels and concentrations 12 are expected to increase in the next future. To explore future potential impacts of O 3 on 13 vegetation, we compared historical and projected O 3 concentrations simulated by six global 14 atmospheric chemistry transport models on the basis of three representative concentration 15 pathways emission scenarios (i.e. RCP 2.6, 4.5, 8.5). To assess changes in the potential O 3 16 threat to vegetation, we used the AOT40 metric. Results point out a significant overrun of 17 AOT40 in comparison with the recommendations of UNECE for the protection of vegetation.
Introduction 33
Tropospheric ozone (O 3 ) is a secondary air pollutant, i.e. it is not emitted as such in the air but 34 it is formed by reactions among precursors (e.g. CH 4 , VOCs, NOx). Ozone is an important 35 greenhouse gas resulting in a direct radiative forcing of 0.35-0.37 W m -2 on climate (Shindell of the hourly exceedances above 40 ppb, for daylight hours (8am-8pm) over species-specific 137 growing seasons (UNECE, 2010) . A recent study over Europe showed how computing 138 AOT40 only over the growing season (i.e. April-September) would lead to an underestimation 139 of AOT40 up to 50% for conifer trees, while in case of deciduous trees the underestimation is 140 much smaller (< 5%, Anav et al., 2016) . Besides, it should be noted that in Anav et al. (2016) 141 the AOT40 is computed year-round when the stomatal conductance is greater than 0. Here, 142 because of the lack of hourly meteorological data, we can only compute the AOT40 year-143 round and during the daylight hours. In case of risk assessment, this approach would lead to a 144 relevant overestimation of AOT40, mainly over polluted area of NH. Nevertheless, since the 145 aim of this study is to compare how O 3 stress to vegetation changes between historical period 146 and future, the overestimation of AOT40 does not affect our results. Therefore, we computed 147 AOT40 as follows: Nevertheless, even if the O 3 concentration is simulated at different elevations above the sea 156 level, as for each model we compare the variation between present and future, the change is IO3 = α× AOT40
(2) amount of NOx, CO and VOCs (Wang et al., 2015) . tropospheric O 3 concentrations and AOT40 vary considerably with the different scenarios and 305 models ( Fig. 1 and 2 and AOT40 (Fig. 1-2) is similar to surface air temperature increase distribution. For RCP8.5, 343 significant increases in air temperature are simulated over latitude 60°N and over the Tibetan (Table 2b ). The global emissions of NOx (-44%), VOCs (-5%) CO (-40%) and
358 CH 4 burden (-27%) decline, while LNOx increase by e.g. 7% under RCP2.6 ( Table 2b ). The
359
CO (-32%) and NOx (-20%) emissions have decreased while LNOX (+33%), VOCS (+1%) 360 and CH 4 burden have increased (+120%) under RCP8.5 scenario (Table 2b ). The GISS-E2-R 361 model shows a greater degree of variation than other models, with a stronger increase in CH 4 362 burden (+ 153%) and in VOCs emissions (+ 20%) for RCP8.5 (Table 2b) . (Table 2b ). In NOx saturated areas, annual mean O 3 will slightly increase as a 385 result of a less efficient titration by NO, but the overall O 3 burden will decrease substantially 386 at hemispheric scale over time (Gao et al., 2013; Querol et al., 2014; Sicard et al., 2016a) . In
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